TITLE OF THE INVENTION 
PERMANENT MAGNET TYPE ELECTRIC MOTOR 

CROSS REFERENCE TO RELATED APPLICATIONS 
This is a Continuation Application of PCT 
Application No. PCT/ JP01/04326, filed May 23, 2001, 
which was not published under PCT Article 21(2) in 
English. 

This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2000-153387, filed May 24, 2000, the 
entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a permanent 
magnet type reluctance electric motor which is small- 
sized, and capable of a high output and a varying speed 
operation in a wide range from a low-speed to a high- 
speedrotation, achieved by composite permanent magnet. 

2. Description of the Related Art 

FIG. 1 is a cross sectional diagram directed in a 
diametrical direction, showing an example of the 
structure of a conventional reluctance motor. 

As shown in FIG. 1, the reluctance-type electric 
motor includes a stator 1 made of a stator iron core 2 
made by laminating electronic steel plates, and having 
armature coils 3 placed inside slots 7, and a rotor 10 



placed on an inner side of the stator 1 and made of a 
rotor iron core 4 having projections and recesses. 

Xhc conventional ieluct,anco - clectiic utuLui liavjjag 
such a structure as described above^oe^Tiot require a 
coil for creating a filg<j^maZjnet in the rotor 10, and 
thus thej^o^Jf'^ro can be made of only the rotor iron 
<r5iTo A — having - p^ro jcctiono - and roooDcoc . 

Therefore, the reluctance electric motor has a 
simple structure and is of a low cost. 

Next, the principle of generating an output from 
the above-type of reluctance electric motor will now be 
described. 

In the reluctance electric motor, the rotor 10 has 
projections and recesses. With this structure, the 
magnetic reluctance is small at a projecting portion, 
whereas the magnetic reluctance is large at a recess 
portion. 

In other words, the magnetic energy which is 
stored by allowing an electrical current to the motor 
coil 3 differs between gap sections on the projecting 
and recess portions. Due to the difference in the 
magnetic energy, an output is generated. 

It should be noted here that the shapes of the 
projecting portions and recess portions may be 
arbitrary as long as they can generate projections and 
recesses not in terms of geometrically but magnetically 
(that is, the magnetic reluctance as well as the 
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magnetic flux density distribution differ from one 
position to another in the rotor 10) . 

In the meantime, there is another type of a high- 
performance motor as a permanent magnet electric motor. 
5 The permanent magnet electric motor has an armature 

similar to that of the reluctance electric motor, but 
the rotor is provided with permanent magnets arranged 
around substantially the entire circumference of the 
\=J rotor iron core and the rotor itself. 
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10 Incidentally, such a conventional electric motor 

as described above entails technical drawbacks to be 
solved. 

That is, the reluctance electric motor has 
projections and recesses on the surface of the rotor 
% 15 iron core 4, and therefore the magnetic reluctance 

IssJ 

§y differs depending on the rotating position, and the 

magnetic flux density changes as well. Then, due to 
the changes, the magnetic energy changes as well to 
generate an output. 
y rSr\ * ^ 20 ■ Hov/ovor ! — as — an e l -Ret r i n current — increases , tl 1 
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regional magnetic saturation in a projecti^rg portion of 
the rotor iron core 4, which ser^tergas a magnetic pole, 
is enlarged (, the projeptiTng section being a section 
where the magnetie^rlux easily passes through, and to 
25 be called^axis hereinafter) . 

a result of this, the magnetic flux which leaks 
the rocess port i oft — e^— Le^Lh, — wtTr ch io an in ^between — 
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of magnetic - polos; — Ls incroasod — h — the rcocao ocot; 
being a section where the magneti^iittX^Soes not easily 
pass through, and t^ojDe--^alled q-axis hereinafter) and 
theref o^--a^signif icant magnetic flux is decreased, 

<=> foy lnwprinq thn nntpnt - 

Or in terms of the magnetic energy, due to the 
leaking magnetic flux created by the magnetic 
saturation of the iron core teeth, the change in the 
gap magnetic flux density becomes smooth, and the 
10 change in the magnetic energy becomes small. 

Therefore, the increasing rate of the output with 
respect to the current is decreased, and the output is 
eventually saturated. Further, the leaking flux of the 
q-axis induces a reactive voltage, and therefore the 



o 

^ 15 power factor is decreased. 



Further, there is another type of a high- 
performance motor, which is a permanent magnet electric 
motor in which rare earth permanent magnets of a high 
magnetic energy product are applied. 

20 The permanent magnet electric motor has permanent 

magnets on the surface of the rotor iron core. With 
this structure, the permanent magnets of a high energy 
are applied to the field magnet, and thus a high 
magnetic field can be formed in a cavity of the 

25 electric motor, thereby making it possible to realize a 

small-sized but high-output type. 

However, since the flux of the permanent magnets 



is constant, the voltage induced to the motor coil at a 
high-speed rotation, becomes larger in a proportional 
manner . 

Therefore, in the case of performing a variable 
speed drive in a wide range from a low speed to a high- 
speed rotation, the field magnet flux cannot be 
decreased. Therefore, when the power voltage is set 
constant, it is difficult to perform a constant output 
drive at a speed twice as high or more of the base 
speed. 

BRIEF SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 
small-sized and high-output permanent magnet type 
reluctance electric motor capable of a variable speed 
operation in a wide range from a low-speed to high- 
speed rotation. 

In order to achieve the above-described object, 
there is provided, according to the present invention, 
a permanent magnet type reluctance electric motor 
comprising: a stator including a stator iron core and 
having armature coils placed inside slots, and a rotor 
provided with a plurality of magnetic barriers formed 
by cavities and placed on an inner side of the stator 
in such a manner that sections where a magnetic flux 
can easily pass (d-axis) and sections where a magnetic 
flux cannot easily pass (q-axis) are alternately 
formed, and made of a rotor iron core having permanent 



magnets in cavities, wherein the rotor satisfies a 
relationship of PL / 2 tc RW qave ^ 130, where W qave [m] 
indicates an average thickness of the rotor iron core 
on an outer side in a radial direction of the rotor 
with respect to cavities arranged in a q-axis 
direction, L [m] indicates a width in a circumferential 
direction of the cavities, P indicates the number of 
poles and R [m] indicates the radius of the rotor. 

Therefore, in the permanent magnet type reluctance 
electric motor of the present invention, the rotor 
satisfies a relationship of PL / 2 tt RW qave ^ 130. With 
this structure, a high torque can be obtained, and 
therefore it is possible to perform a variable speed 
drive at a high output in a wide range from a low speed 
to a high-speedrotation. 

Further, in the permanent magnet type reluctance 
electric motor recited in Claim 1 of the present 
invention, the rotor is formed to have a structure 
which satisfies a relationship of: PL / 2 7t RW qave ^ 
200. 

As described above, in the permanent magnet type 
reluctance electric motor of the present invention, the 
rotor satisfies a relationship of: PL / 2 k RW qave S 
200. With this structure, an even higher torque can be 
obtained, and therefore it is possible to perform a 
variable speed drive at a higher output in a wide range 
from a low speed to a high-speedrotation. 



Further, in the permanent magnet type reluctance 
electric motor recited in Claim 1 or 2 of the present 
invention, the cavities arranged in the q-axis 
direction are made to go through to an outer 
circumferential portion in a radial direction of the 
rotor . 

Thus, in the permanent magnet type reluctance 
electric motor of the present invention, the cavities 
arranged in the q-axis direction are made to go through 
to an outer circumferential portion in the radial 
direction of the rotor. With this structure, at a low- 
speed rotation, an especially high torque can be 
obtained, and therefore it is possible to perform a 
variable speed drive at a higher output and in a wide 
range from a low speed to a high-speed rotation. 

Further, there is provided, according to the 
present invention, a permanent magnet type reluctance 
electric motor comprising: a stator including a stator 
iron core and having armature coils placed inside 
slots, and a rotor provided with a plurality of 
magnetic barriers formed by cavities and placed on an 
inner side of the stator in such a manner that sections 
where a magnetic flux can easily pass (d-axis) and 
sections where a magnetic flux cannot easily pass 
(q-axis) are alternately formed, and made of a rotor 
iron core having permanent magnets in cavities, 
wherein the rotor satisfies a relationship of 



W dmin P / 2tcR ^ 65, where W dm i n [m] indicates a minimum 
distance between a cavity arranged in the q-axis 
direction and a permanent magnet, P indicates the 
number of poles and R [m] indicates the radius of the 
rotor . 

Therefore, in the permanent magnet type reluctance 
electric motor of the present invention, the rotor 
satisfies a relationship of W^-j^P / 2 tc R ^ 65. With 
this structure, a high torque can be obtained, and 
therefore it is possible to perform a variable speed 
drive at a high output in a wide range from a low-speed 
to a high-speed rotation. 

Further, in the permanent magnet type reluctance 
electric motor recited in Claim 4 of the present 
invention, the rotor is formed to have a structure 
which satisfies a relationship of: Wd m i n p / 2 71 R = 87 • 
As described above, in the permanent magnet type 
reluctance electric motor of the present invention, the 
rotor satisfies a relationship of: Wdmi n p / 2 71 R = 87 • 
With this structure, an even higher torque can be 
obtained, and therefore it is possible to perform a 
variable speed drive at a higher output in a wide range 
from a low-speed to a high-speed rotation. 

Further, there is provided, according to the 
present invention, a permanent magnet type reluctance 
electric motor comprising: a stator including a stator 
iron core and having armature coils placed inside 



slots, and a rotor provided with a plurality of 
magnetic barriers formed by cavities and placed on an 
inner side of the stator in such a manner that sections 
where a magnetic flux can easily pass (d-axis) and 
sections where a magnetic flux cannot easily pass 
(q-axis) are alternately formed, and made of a rotor 
iron core having permanent magnets in cavities, wherein 
the rotor satisfies a relationship of 95 ^ Wdave p / 
2tcR ^ 160, where W dave [m] indicates an average 
distance between a cavity arranged in the q-axis 
direction and a permanent magnet, P indicates the 
number of poles and R [m] indicates the radius of the 
rotor . 

Therefore, in the permanent magnet type reluctance 
electric motor of the present invention, the rotor 
satisfies a relationship of 95 ^ W dave P / 2 n R ^ 160. 
With this structure, a high torque can be obtained, and 
therefore it is possible to perform a variable speed 
drive at a high output in a wide range from a low-speed 
to a high-speed rotation. 

Further, in the permanent magnet type reluctance 
electric motor recited in Claim 6 of the present 
invention, the rotor is formed to have a structure 
which satisfies a relationship of: 110 ^ W da ve p / 
2tcR S 130. 

As described above, in the permanent magnet type 
reluctance electric motor of the present invention, 



the rotor satisfies a relationship of: 110 S Wdave p / 
2ttR ^ 130. With this structure, an even higher torque 
can be obtained, and therefore it is possible to 
perform a variable speed drive at a higher output in a 
wide range from a low-speed to a high-speed rotation. 

Further, according to the present invention, the 
width in the radial direction of a cavity situated in 
the q-axis direction is increased towards the center in 
the q-axis direction. 

As described above, in the permanent magnet type 
reluctance electric motor of the present invention, the 
width in the radial direction of a cavity situated in 
the q-axis direction is increased towards the center in 
the q-axis direction. With this structure, an even 
higher torque can be obtained, and therefore it is 
possible to perform a variable speed drive at a higher 
output in a wide range from a low-speed to a high-speed 
rotation . 

Further, according to the present invention, the 
angle of the permanent magnets is changed so that the 
distance between a cavity situated in the q-axis 
direction and a permanent magnet becomes maximum at a 
position on an inner diameter side of the center of the 
cavity in the q-axis direction. 

As described above, in the permanent magnet type 
reluctance electric motor of the present invention, the 
angle of the permanent magnets is changed so that the 



distance between a cavity situated in the q-axis 
direction and a permanent magnet becomes maximum at a 
position on an inner diameter side of the center of the 
cavity in the q-axis direction. With this structure, 
an even higher torque can be obtained, and therefore it 
is possible to perform a variable speed drive at a 
higher output in a wide range from a low-speed to a 
high-speed rotation. 

Further, there is provided, according to the 
present invention, a permanent magnet type reluctance 
electric motor comprising: a stator including a stator 
iron core and having armature coils placed inside 
slots, and a rotor provided with a plurality of 
magnetic barriers formed by cavities and placed on an 
inner side of the stator in such a manner that sections 
where a magnetic flux can easily pass (d-axis) and 
sections where a magnetic flux cannot easily pass 
(q-axis) are alternately formed, and made of a rotor 
iron core having permanent magnets in cavities, wherein 
the rotor satisfies a relationship of 0.45 ^ W t / x ^ 
0.8, where x [m] indicates the pitch of the slot and 
W t [m] indicates the width of the teeth. 

Therefore, in the permanent magnet type reluctance 
electric motor of the present invention, the rotor 
satisfies a relationship of 0.45 ^ W t / x ^0.8. 
With this structure, a high torque can be obtained, and 
therefore it is possible to perform a variable speed 
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drive at a high output in a wide range from a low-speed 
to a high-speed rotation. 

Further, in the permanent magnet type reluctance 
electric motor, the rotor is formed to have a structure 
which satisfies a relationship of: 0.45 ^ W t / z ^ 
0.8. 

As described above, in the permanent magnet type 
reluctance electric motor of the present invention, the 
rotor satisfies a relationship of: 0.45 ^ W t / z ^ 
0.8. With this structure, an even higher torque can be 
obtained, and therefore it is possible to perform a 
variable speed drive at a higher output in a wide range 
from a low-speed to a high-speed rotation. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 is a cross sectional diagram showing an 
example of the structure of a conventional reluctance 
electric motor; 

FIG. 2 is a cross sectional diagram showing an 
example of the structure of the permanent magnet type 
reluctance electric motor according to the first to 
third embodiments of the present invention; 

FIG ■ — 3—4^—an enlarged cr o sj b^ see te- ion ai_jL i i*vt--*ftrrm £¥Kj' 

detail of a rotor shown 



FIG. 4 is an enlarged cross sectional view showing 
an example of the structure in detail of a rotor shown 
in FIG. 2; 




FIG. 5 is a dependency characteristic diagram 

illustrating a correlation between the torque and PL / 

2 7cRWq ave i n the permanent magnet type reluctance 

electric motor according to the first embodiment of the 

present invention; 

FIG. 6 is a characteristic diagram illustrating 

the W qave dependency of the torque in the permanent 

magnet type reluctance electric motor according to the 

first embodiment of the present invention; 

FIG. 7 is an enlarged cross sectional diagram 
showing an example of the structure of the permanent 
magnet type reluctance electric motor according to the 
second and third embodiments of the present invention; 

FIG. 8 is a characteristic diagram illustrating 
the W^in P / 2kR dependency of the torque in the 
permanent magnet type reluctance electric motor 
according to the second embodiment of the present 
invention; 

FIG. 9 is a characteristic diagram illustrating 
the Wdave P / 2 7C R dependency of the torque in the 
permanent magnet type reluctance electric motor 
according to the third embodiment of the present 
invention; 

FIG. 10 is an enlarged cross sectional diagram 
showing an example of the structure of the permanent 
magnet type reluctance electric motor according to the 
second and fourth embodiments of the present invention; 



FIG. 11 is a characteristic diagram illustrating 
the W t / x dependency of the torque in the permanent 
magnet type reluctance electric motor according to the 
second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Embodiments of the present invention will now be 
described in detail with reference to accompanying 
drawings . 

(First Embodiment) 

FIG. 2 is a cross sectional diagram showing an 
example of the structure of the permanent magnet type 
reluctance electric motor according to an embodiment of 
the present invention, and similar structural elements 
to those shown in FIG. 1 are designated by the same 
reference numerals . 

As shown in FIG. 2, the permanent magnet type 
reluctance electric motor according to this embodiment, 
comprises: a stator 1 including a stator iron core 2 
made by laminating electromagnetic steel plates and 
having armature coils 3 placed inside slots 7, and a 
rotor 10 provided with a plurality of magnetic barriers 
formed by cavities 5 and placed on an inner side of the 
stator 1 in such a manner that a d-axis and a q-axis 
are alternately formed, and made of a rotor iron core 4 
having permanent magnets 6 in cavities 5. 

It should be noted that numeral 8 indicates an 
iron core tooth. 



FIG. 3 is an enlarged cross sectional view showing 
an example of the structure of a part of a rotor 10 in 
detail shown in FIG. 2. 

As shown in FIG. 3, there are a plurality of 
cavities 5 present in the rotor iron core 4 of the 
rotor 10, and a permanent magnet 6 is inserted to a 
section arranged in V-shape of these cavities. 

FIG. 4 is an enlarged cross sectional view showing 
an example of the structure of a part of the rotor 10 
in detail shown in FIG. 2. 

As shown in FIG. 4, the rotor 10 is formed to 
satisfy a relationship of PL / 2 n RW qave ^ 130, where 
Wg ave [m] indicates an average thickness of the rotor 
iron core 4 on an outer side in a radial direction of 
the rotor with respect to cavities 5 arranged in the 
q-axis direction, L [m] indicates the width in a 
circumferential direction of the cavities 5, P 
indicates the number of poles and R [m] indicates the 
radius of the rotor 10. 

It should be noted here that the rotor 10 should 
preferably be made so as to satisfy a relationship of: 
PL / 2 7tRW qave ^ 200. 

In the permanent type reluctance electric motor 
according to this embodiment, having the above- 
described structure, the rotor 10 is formed to satisfy 
a relationship of PL / 2 tz RW qave ^ 130. With this 
structure, a high torque can be obtained. 
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This point will now be described in detail. 

There are irregularities (projections and 
recesses) in terms of magnetic reluctance due to 
cavities 5. In a section where the magnetic reluctance 
is low (d-axis) , the magnetic flux density of the 
cavity is high, whereas in a section where the magnetic 
reluctance is high (q-axis) , the magnetic flux density 
of the cavity is low. Due to the change in the 
magnetic flux density, the reluctance torque is 
generated. 

In the case where the number of poles is P, the 
magnetic reluctance in a thickness of the rotor iron 
core 4 on an outer side in a radial direction of the 
cavities 5 arranged in the q-axis direction is 
proportional to PL / 2 7cRW qave ^ where R indicates the 
radius [m] of the rotor 10 , Wq ave [m] indicates the 
average thickness of the rotor iron core 4 on an outer 
side in a radial direction of the rotor with respect to 
cavities 5 arranged in a q-axis direction, and L [m] 
indicates the width in a circumferential direction of 
the cavities 5. 

' FIG- — 4 — 3 r O a dependency cha-Lc r ctcriotic diagrajru — 
illustrating a correlation between^J^e^Corque and PL / 
2 n RWq ave when an anaJ^sdTsis carried out on a model 
designed by^et5nditions that the number of poles is 8 
a^d^tT e - radius of the — rotor 10 is 0.00 — [m] '. 

As is clear from FIG. 5, it is understood that 



# 
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when PL / 2 7cRW qave ^ 130, a torque having 95% or more 
of the maximum torque value obtained this time, which 
is higher than that obtained by conventional designing, 
can be obtained. 
5 Further, as a more preferable example, when PL / 

2 7cRW qave ^ 200, a torque having 99% or more of the 
maximum torque value can be obtained. 

As described above, a high torque can be obtained 
and as a result, it becomes possible to perform a 
q 10 variable speed drive at a high output 

~j (output = torque x rotation speed) in a wide range from 

a low-speed to a high-speed rotation. 
HF (Variation Example 1) 

O In the above-described embodiment, the cavities 5 

ry 15 arranged in the q-axis direction are made through to 

S the outer peripheral section in the radial direction of 

the rotor. 

In the permanent magnet type reluctance electric 
motor having the above-described structure, the 
20 cavities 5 arranged in the q-axis direction are made 

through to the outer peripheral section in the radial 
direction of the rotor. With this structure, a high 
torque can be obtained especially at a low-speed drive. 
The above-described point will now be described in 

25 detail. 

>W±£± a H p cign b^rinrj a Inrgn vqIuq in PL-/ - 
^--r ft Wga^, it i g th-+L Limn aie a gn sra rfc 
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.number nf poJ — the radium is small, Wqgvg- 

indicates the average thicknessof^tbe-^otor iron core 
4 on an outer side in^a-<cSo!ial direction of the rotor 
with respe^focavities 5 arranged in a q-axis 
dirjaclTion, and the width in a circumferential direction 
; ho cavjtioo 5 ic wido. - 

However, in practice, the number of poles and the 
radius of the rotor 10 are determined substantially by 
the designed specification. Therefore, actually 
operable ones are W qave and L. 

FIG. 6 is a diagram illustrating the result of the 
examination on the W qave dependency of the torque. 

From FIG. 6, it is understood that when W qave ^ 
1 mm, a higher torque than that obtained by 
conventional designing can be obtained. This is 
because in the rotary iron core 4 in the outer 
circumference in the radial direction of the cavities 5 
arranged in the q-axis direction, when W qave is set to 
a thickness in the above numerical range, the q-axis 
flux with respect to the d-axis flux distributed in 
this section can be minimized. 

At this point, the difference between the flux 
density in the d-axis direction and the flux density in 
the q-axis direction becomes large, and the reluctance 
torque is increased. When W qave = 0, the reluctance 
torque is particularly increased prominently. 

With the structure described above, it is possible 



to perform a variable speed drive even at a higher 
output in a wide range from a low speed to a high-speed 
rotation . 

On the other hand, in a high-speed rotation zone, 
When W qave = 0, the problem of windage loss may occur. 
In order to avoid this, when used in, for example, a 
high-speed motor, it is preferable that the cavities 5 
arranged in the q-axis direction should preferably be 
of such a structure that the outer circumferential 
portion in the radial direction of the rotor iron core 
4 is formed thin (0 < W qave S 1 mm), rather than a 
structure in which the cavities 5 are made through to 
the outer circumference in the radial direction of the 
rotor (W qave = 0) . 

(Variation Example 2) 

+~h Q g hovn-d^^^ ^ H nrnhndimnnl-. — (tho structui^.^ 
shown in FIG. 3), it is alsojaos«*r^^ width of 

the cavities 5^iranged in the q-axis direction are 
made t^ificrease towards the center of the q-axis 

In the permanent magnet type reluctance electric 
motor having the above-described structure, the width 
of the cavities 5 arranged in the q-axis direction are 
made to increase towards the center of the q-axis 
direction. With this structure, the magnet reluctance 
becomes maximum in the q-axis direction. 

At this point, the difference between the flux 
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density in the d-axis direction and the flux density in 
the q-axis direction becomes large, and the reluctance 
torque becomes maximum. 

With the structure described above, it is possible 
5 to perform a variable speed drive even at a higher 

output in a wide range from a low speed to a high-speed 
rotation. 

(Variation Example 3) 

In the above-described embodiment (the structure 

O io shown in FIG. 4), it is also possible that the angle of 

o 

m the permanent magnets 6 is changed so that the distance 

between a cavity 5 situated in the q-axis direction and 
a permanent magnet 6 becomes maximum at a position on 
an inner diameter side of the center of the cavity in 
15 the q-axis direction. 

As described above, in the permanent magnet type 
reluctance electric motor of the present invention, the 
angle of the permanent magnets 6 is changed so that the 
distance between a cavity 5 situated in the q-axis 
20 direction and a permanent magnet 6 becomes maximum at a 

position on an inner diameter side of the center of the 
cavity 5 in the q-axis direction. With this structure, 
the magnetic flux of the magnet can more easily go out 
to the outer circumference of the rotor, and therefore 
25 even a higher torque can be obtained. 

Thus, it is possible to perform a variable speed 
drive even at a higher output in a wide range from a 
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low-speed to a high-speed rotation. 

As described above, in the permanent magnet type 
reluctance type electric motor according to this 
embodiment, the rotor 10 is formed to satisfy a 
5 relationship of PL / 2 % RW qave 2? 130, or more 

preferably, PL / 2 n RW qaV e s 200 > where w qave ^ 
indicates an average thickness of the rotor iron core 4 
on an outer side in a radial direction of the rotor 
□ with respect to cavities 5 arranged in the q-axxs 

:~= 

: s 

ijf io direction, L [m] indicates the width in a 

SJ circumferential direction of the cavities 5, P 

indicates the number of poles and R [m] indicates the 
radius of the rotor 10. With this structure, it 
becomes possible with a small size to perform a 
15 variable speed drive even at a higher output in a wide 

range from a low speed to a high-speed rotation. 
(Second Embodiment) 

FIG. 7 is a cross sectional diagram showing an 
enlarged view of a part of a rotor 10 in the permanent 
20 magnet type reluctance electric motor according to the 

embodiment of the present invention, and in this 
figure, similar structural elements to those shown in 
FIGS. 2 to 4 are designated by the same reference 
numerals, the description of which will not be repeated 
25 here. Thus, only different sections from those already 

described will now be explained. 

As shown in FIG. 7, the rotor 10 of the permanent 
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magnet type reluctance electric motor according to this 
embodiment, is formed to satisfy a relationship of: 

Wdmin p / 27rR = 65 ' 

where W^in [m] indicates a minimum distance 
between a cavity 5 arranged in the q-axis direction, 
L [m] indicates the width in a circumferential 
direction of the cavities 5 and a permanent magnet 6, P 
indicates the number of poles and R [m] indicates the 
radius of the rotor 10. 

It should be noted here that the rotor 10 should 
preferably be made so as to satisfy a relationship of: 

WdminP / 2tuR ^ 87. 

With this structure, the permanent magnet type 
reluctance electric motor according to this embodiment, 
has the rotor 10 which is formed to satisfy a 
relationship of: Wdmin? / 2 n R ^ 65, and therefore even 
a higher torque can be obtained. 

This point will now be described in detail. 

FIG. 8 is a dependency characteristic diagram 
illustrating the result of a test for the relationship 
between PW^in / 2 n R and the torque, where W d 
indicates the distance between a cavity 5 arranged in 
the q-axis direction, Wdmin indicates the minimum 
distance, P indicates the number of poles and R [m] 
indicates the radius of the rotor 10, as shown in 
FIG. 7. 

From FIG. 8, it is understood that when a 
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relationship of PW dmin / 2tiR S 65 is satisfied, 95% or 
higher of the maximum torque obtained this time, which 
is higher than that obtained with conventional 
designing, can be obtained. 
5 Further, more preferably, when a relationship of 

PWdmin / 2tcR S 87 is satisfied, 99% or higher of the 
maximum torque obtained this time can be obtained. 

Here, according to the design specification, the 
u number of poles and the radius of the rotor 10 are 

5 10 approximately determined. Therefore, it may be 

m considered that PW dmin / 2 n R is proportional to W^in- 

W 

^ That is, when W^in is large, the magnetic 

=C saturation which occurs at a site of the rotor iron 

S 

Q core 4 between the cavity 5 arranged in the q-axis 

fy 15 direction and permanent magnet 6 becomes less, which 

Q means that the flux in the d-axis direction is 

increased and the reluctance torque is raised. 

As described above, a high torque can be obtained 
and as a result, it becomes possible to perform a 
20 variable speed drive at a high output (output = 

torque X rotation speed) in a wide range from a low- 
speed to a high-speed rotation. 
(Variation Example 1) 

In the above-described embodiment (the structure 
25 shown in FIG. 7), it is also possible that the width of 

the cavities 5 arranged in the q-axis direction are 
made to increase towards the center of the q-axis 



direction . 

In the permanent magnet type reluctance electric 
motor having the above-described structure, the width 
of the cavities 5 arranged in the q-axis direction are 
made to increase towards the center of the q-axis 
direction. With this structure, the magnet reluctance 
becomes maximum in the q-axis direction. 

At this point, the difference between the flux 
density in the d-axis direction and the flux density in 
the q-axis direction becomes large, and the reluctance 
torque becomes maximum. 

With the structure described above, it is possible 
to obtain an even higher torque, and perform a variable 
speed drive even at a higher output in a wide range 
from a low speed to a high-speed rotation. 
(Variation Example 2) 

In the above-described embodiment (the structure 
shown in FIG. 7), it is also possible that the angle of 
the permanent magnets 6 is changed so that the distance 
between a cavity 5 situated in the q-axis direction and 
a permanent magnet 6 becomes maximum at a position on 
an inner diameter side of the center of the cavity in 
the q-axis direction. 

In the permanent magnet type reluctance electric 
motor of the present invention, the angle of the 
permanent magnets 6 is changed so that the distance 
between a cavity 5 situated in the q-axis direction and 
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a permanent magnet 6 becomes maximum at a position on 
an inner diameter side of the center of the cavity 5 in 
the q-axis direction. With this structure, the 
magnetic flux of the magnet can more easily go out to 
5 the outer circumference of the rotor, and therefore 

even a higher torque can be obtained. 

Thus, it is possible to perform a variable speed 
drive even at a higher output in a wide range from a 
low-speed to a high-speed rotation. 
2 10 As described above, in the permanent magnet type 

Im reluctance type electric motor according to this 

jJ embodiment, the rotor 10 is formed to satisfy a 

o 

i relationship of W^^P / 2 k R ^ 65, or more preferably, 

Q WdminP / 2ttR 2= 87, where W dmin indicates the minimum 

fy 15 distance, P indicates the number of poles and R [m] 

£ indicates the radius of the rotor 10. With this 

' y structure, it becomes possible with a small size to 

perform a variable speed drive even at a higher output 
in a wide range from a low speed to a high- 
20 speedrotation. 

(Third Embodiment) 

FIG. 7 is a cross sectional diagram showing an 
enlarged view of a part of a rotor 10 in the permanent 
magnet type reluctance electric motor according to the 
25 embodiment of the present invention, and in this 

figure, similar structural elements to those shown in 
FIGS. 2 to 4 are designated by the same reference 
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numerals, the description of which will not be repeated 
here. Thus, only different sections from those already 
described will now be explained. 

As shown in FIG. 7, the rotor 10 of the permanent 
magnet type reluctance electric motor according to this 
embodiment, is formed to satisfy a relationship of: 
95 ^ W dave P / 2tcR S 160, 

where W dave [m] indicates an average distance 
between a cavity arranged in the q-axis direction and 
a permanent magnet, P indicates the number of poles and 
R [m] indicates the radius of the rotor. 

It should be noted here that the rotor 10 should 
preferably be made so as to satisfy a relationship of: 
110 ^ W dave P / 2ttR ^ 130. 

With this structure, the permanent magnet type 
reluctance electric motor according to this embodiment, 
has the rotor 10 which is formed to satisfy a 
relationship of: 95 ^ W dave P / 2 n R S 160, and 
therefore even a higher torque can be obtained. 

This point will now be described in detail. 
FIG. 9 is a dependency characteristic diagram 
illustrating the result of a test for the relationship 
between PW dave / 2 n R and the torque, where W d 
indicates the average distance between a cavity 5 
arranged in the q-axis direction, P indicates the 
number of poles and R [m] indicates the radius of the 
rotor 10, as shown in FIG. 7. 



From FIG. 9, it is understood that when a 
relationship of 95 S W dave P / 2tcR ^ 160, is 
satisfied, 95% or higher of the maximum torque obtained 
this time, which is higher than that obtained with 
conventional designing, can be obtained. 

Further, more preferably, when a relationship of 
110 S W dave P / 2kR ^ 130, is satisfied, 99% or higher 
of the maximum torque obtained this time can be 
obtained. 

Here, according to the design specification, the 
number of poles and the radius of the rotor 10 are 
approximately determined. Therefore, it may be 
considered that PW dave / 2ttR is proportional to W dave • 

That is, when W dave is large, the magnetic 
saturation which occurs at a site of the rotor iron 
core 4 between the cavity 5 arranged in the q-axis 
direction and permanent magnet 6 becomes less, which 
means that the reluctance torque is raised. On the 
other hand, if W dave becomes extremely large, the 
reluctance torque is lowered in reverse to expectation. 

As described above, a high torque can be obtained 
and as a result, it becomes possible to perform a 
variable speed drive at a high output (output = 
torque x rotation speed) in a wide range from a low- 
speed to a high-speed rotation. 
(Variation Example 1) 

In the above-described embodiment (the structure 



shown in FIG . 7), it is also possible that the width of 
the cavities 5 arranged in the q-axis direction are 
made to increase towards the center of the q-axis 
direction. 

In the permanent magnet type reluctance electric 
motor having the above-described structure, the width 
of the cavities 5 arranged in the q-axis direction are 
made to increase towards the center of the q-axis 
direction. With this structure, and therefore the 
magnet reluctance becomes maximum in the q-axis 
direction. 

At this point, the difference between the flux 
density in the d-axis direction and the flux density in 
the q-axis direction becomes large, and the reluctance 
torque becomes maximum. 

With the structure described above, it is possible 
to obtain an even higher torque, and perform a variable 
speed drive even at a higher output in a wide range 
from a low speed to a high-speed rotation. 
(Variation Example 2) 

In the above-described embodiment (the structure 
shown in FIG. 7), it is also possible that the angle of 
the permanent magnets 6 is changed so that the distance 
between a cavity 5 situated in the q-axis direction and 
a permanent magnet 6 becomes maximum at a position on 
an inner diameter side of the center of the cavity in 
the q-axis direction. 



In the permanent magnet type reluctance electric 
motor of the present invention, the angle of the 
permanent magnets 6 is changed so that the distance 
between a cavity 5 situated in the q-axis direction and 
a permanent magnet 6 becomes maximum at a position on 
an inner diameter side of the center of the cavity 5 in 
the q-axis direction. With this structure, the 
magnetic flux of the magnet can more easily go out to 
the outer circumference of the rotor, and therefore 
even a higher torque can be obtained. 

Thus, since a higher torque can be obtained, it is 
possible to perform a variable speed drive even at a 
higher output in a wide range from a low-speed to a 
high-speed rotation. 

As described above, in the permanent magnet type 
reluctance type electric motor according to this 
embodiment, the rotor 10 is formed to satisfy a 
relationship of 95 ^ W dave P / 2 tc R ^ 160, more 
preferably, a relationship of 110 ^ w dave p I 2 71 R — 
130 where W^ave [m] indicates an average distance 
between a cavity arranged in the q-axis direction and 
a permanent magnet, P indicates the number of poles and 
R [m] indicates the radius of the rotor. With this 
structure, it becomes possible with a small size to 
perform a variable speed drive even at a higher output 
in a wide range from a low speed to a high- 
speedrotation. 
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(Fourth Embodiment) 

FIG - , 10 ic a orocc trprf ionnl da ig i am choking aiy 

enlarged view of a part of a rotor 10 in the permanent 
magnet type reluctance electric motor according to the 
embodiment of the present invention, and inAhis 
figure, similar structural elements to tjffose shown in 
FIGS. 2 and 3 are designated by the s^me reference 
numerals, the description of which/will not be repeated 
here. Thus, only different sections from those already 
described will now be explained. 

As shown in FIG. 10, t^he rotor 10 of the permanent 
magnet type reluctance electric motor according to this 
embodiment, is formed/to satisfy a relationship of: 
0.45 ^ W t / t ^ oA, where z [m] indicates the pitch 
of the slot and y( [m] indicates the width of the teeth 
(rotor iron core teeth width) . 

Next, i/h the permanent magnet type reluctance 
electric rpfotor having the above-described embodiment 
accordi/g to the embodiment of the present invention, 
the r/tor 1 satisfies a relationship of: 0.45 ^ W t / 
z d 0.8. With this structure, a high torque can be 
^ptni nod , 

This point will now be described in detail. 

The pitch of the slot is expressed as z [m] and 
the width of the teeth is expressed as W t [m] , and the 
current density is adjusted in order to suppress the 
heat generation to a predetermined value or less. 



In general permanent magnet motors and induction 
motors, as many as possible conductors are inserted 
into a slot in order to increase the ampere-turns, thus 
obtaining a high torque and high output. As a result, 
the slot width is set larger than the teeth width. 

When the teeth width is widened, the current 
density flowing in the slot is increased, and the 
absolute value of the conduction current flowing in the 
slot is decreased at a certain level. Therefore, the 
torque is decreased. 

On the other hand, the permanent magnet reluctance 
motor according to this embodiment exhibits the 
opposite results as follows. 

oifci ^t- t-hfe- fc nnth width Wi bocnmas narrow, thj y 

magnetic saturation occurs at a teeth site^feftus 
increasing the magnetic reluctance of^fene teeth. 
Therefore, the magnetic reluctap^with regard to the 
current becomes to have a>£gh magnetic reluctance 
ratio occupying the^or 1, and the difference in the 
magnetic reluc^efnce within the rotor 1 becomes small 
with relative to each other. As a result, the 
reluj2^ance torque becomes small, and the output is 

On the other hand, when the teeth width W t becomes 
wide, the ampere-turns decrease; however the difference 
in the magnetic reluctance becomes larger. As a 
result, the torque is increased. Further, the absolute 
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value of the inductance is decreased due to a decrease 
in the ampere-turns, an output at a high-speed region 
is increased in the power source. 

FIG. 11 is a dependency characteristic diagram 
5 showing the result of the test for the relationship 

between W t / x and the torque. 

From FIG. 11, it is understood that in a range of 
0.45 ^ W t / t ^ 0.8, a high torque can be obtained. 
Thus, a high torque can be obtained and as a 
10 result of that, it becomes possible to perform a 

variable speed drive at a high output (output = 
torque X rotation speed) in a wide range from a 
low-speed to a high-speed rotation. 

A3— de sciibed above, in the permanent magne t type 
15 reluctance electric motor according to the embodiment 

of the present invention, the rotor lO^r^the permanent 
magnet type reluctance electric^pao^fcor according to this 
embodiment, is formed to sa>dTsfy a relationship of: 
0.45 ^ W t / t ^ 0.8,/whereT [m] indicates the pitch of 
20 the slot and W t hnrrf indicates the width of the teeth 

(rotor iron oo1~e teeth width) . Thus, it becomes 
possible/with a small size to perform a variable speed 
driWat a high output in a wide range from a low-speed 
a .h-igh -.apeed rnta-fejrettt — 
25 (Other embodiments) 

It should be noted that the present invention is 
not limited to each of the above-described embodiments, 
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but it can be remodeled into various versions as long 
as the essence of the invention does not fall out of 
the scope of the invention in its practical use. 

Further, when practicing the present invention, 
the embodiments thereof may be combined as 
appropriately as possible. In such cases, the 
operational effects of the respective embodiments are 
combined together. 

For example, in the first to the third embodiments 
which practice the inventions regarding the structure 
of the rotor, arbitrary ones or all of the embodiments 
can be combined appropriately when practically used. 

Further, any one of or any combination of the 
first to the third embodiments which practice the 
inventions regarding the structure of the rotor, and 
the fourth embodiment which practices the invention 
regarding the structure of the stator can be combined 
together appropriately when practicing the invention. 

Furthermore, the above-described embodiments 
include inventions of various stages and levels, and 
therefore when a plurality of structural elements 
disclosed here are combined appropriately, various 
inventions can be extracted. 

For example, even if some of the structural 
elements are removed from the all elements discussed in 
the embodiments, (at least one of) the objects 
described in the section of the Object to be Solved by 
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the Invention, can be achieved, and if (at least one 
of) the effects stated in the section of the Effects 
the Invention can be obtained, such a structure that 
the structural elements have been removed, can be 
extracted as the invention. 



